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1 Introduction

UCI multiplexing in PUSCH has so far primarily been considered for HARQ-ACK and particular realizations such as the use of UL DAI when the UL reference configuration is TDD UL-DL configuration 0 and the payload of HARQ-ACK when the UL grant is transmitted before the last DL grant. These issues were already analyzed during RAN1#75, were subsequently debated over email discussions, and are not further considered in this contribution.
The focus of this contribution is on some remaining issues for UCI transmission in PUSCH; a brief discussion on the above email discussion issues is also provided.

2 Remaining Issues for UCI multiplexing in PUSCH
2.1 UCI Multiplexing in Second Set of Subframes
A first issue is the multiplexing of A-CSI in an UL flexible subframe or, in general, in an UL subframe from the second set of UL subframes (all other UCI is transmitted in UL fixed subframes according to the DL reference configuration or, in general, in an UL subframe from the first set of UL subframes). 

The second set of UL subframes is associated with UL transmissions experiencing DL interference and for this reason it is assigned the second UL power control process. It is generally acknowledged that despite the use of the UL second power control process, the interference in an UL subframe from the second set of UL subframes will be a dominant factor in determining the detection reliability of UL transmissions. This detection reliability is expected to be worse than the one in an UL subframe from the first set of UL subframes (where UL transmissions mostly experience more benign UL interference). Therefore, even though the second UL power control process can assist some UEs to transmit PUSCH in an UL subframe from the second set of UL subframes without experiencing a BLER of 100%, the BLER will generally be worse than the one for a PUSCH transmission in an UL subframe from the first set of UL subframes. 
The use of a DL reference configuration in determining the UL subframes for UCI transmission can generally protect UCI from DL interference as TDD UL-DL configuration 5 can be selected (to also provide most flexibility for adapting a TDD UL-DL configuration), PUCCH is transmitted in the third subframe, and is therefore ensured to experience UL interference. The only possible exception is A-CSI.

An eNB can trigger A-CSI multiplexing in an UL subframe in the second set of UL subframes and the UE should not treat it as an error case because this can severely limit UL subframes where A-CSI can be transmitted, increase reporting latency which is already a concern for adaptive reconfiguration over a short time scale, and is likely to overload the third subframe with both PUCCH and PUSCH. Then, in order to provide reliable A-CSI detection at the eNB while operating the data in the PUSCH with a different BLER in the first UL subframe set and in the second UL subframe set, a 
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 value should be independently configured for the first UL subframe set and for the second UL subframe set.
Proposal 1: A-CSI multiplexing in a PUSCH is supported for both the first and the second UL subframe sets and a UE is separately configured a 
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 value for each of the first and the second UL subframe sets. 

2.2 PUSCH Resource Requirements for UCI Multiplexing
The UCI payload requirements in a PUSCH can be substantially increased with eIMTA compared to the conventional ones. One source of increased UCI payload is due to the likely use of TDD UL-DL configuration 5 as the DL reference configuration and this increase will be constant if there is no UL DAI support in the also likely case that TDD UL-DL configuration 0 is the UL reference configuration. Another source of increased UCI payload is due to the possible multiplexing of two A-CSI reports corresponding to the first and second DL subframe sets. Considering that such multiplexing can occur only in the third subframe of a TDD UL-DL configuration (e.g. HARQ-ACK follows the DL reference configuration) and further considering that SPS PUSCH or (likely) PUSCH conveying TCP-ACKs is also transmitted in the same subframe and is typically allocated a few RBs, the problem of supporting a substantially increased UCI payload, especially in conjunction with DL CA, becomes evident especially for UEs with relatively low SINRs.

In [1], it is shown that the REs required for multiplexing HARQ-ACK bits in a PUSCH can easily exceed 2 RBs and reach as many as 6-8 RBs even for 10 HARQ-ACK bits. For this reason, and as the Rel-8 formula for determining the HARQ-ACK resources in the PUSCH failed to captured the RM coding gains as it assumed repetition coding, a new lowest value of 1.0 was introduced for 
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 to scale down the number of minimum REs. However, even for 
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, a sufficient number of PUSCH REs does not exist for HARQ-ACK payloads around 10 bits or above (as it is very likely in TDD especially for DL configuration 5 and without an UL DAI), for SINRs below 0 dB and for PUSCH allocations below 4-6 RBs. 

The typical solution when a nominal HARQ-ACK payload becomes larger than can be supported in allocated resources is to perform bundling. Spatial domain bundling should be performed whenever the number of required REs determined according to [2] for HARQ-ACK multiplexing exceeds the number of available PUSCH REs for HARQ-ACK multiplexing. Further analysis is needed to determine whether time domain bundling is also needed. 

Proposal 2: A UE performs HARQ-ACK spatial-domain bundling in the PUSCH when the number of REs for multiplexing a nominal HARQ-ACK payload exceeds the number of available REs.
2.3 Email Discussion Topics
A first email discussion topic is whether to use an UL DAI in UL DCI formats when the UL reference configuration is TDD UL-DL configuration 0. As it was previously discussed, the UCI overhead issue on PUSCH can become a significant consideration in eIMTA as TDD UL-DL configuration 5 is the likely DL reference configuration. Therefore, the use of the UL DAI should be kept, especially since TDD UL-DL configuration 0 is highly unlikely to be an actual adapted configuration (e.g. configuration 6 can be used instead). Several alternatives were discussed over email and can provide the basis of further discussion. The objectives should be that a maximum utilization of UL DAI, including presence of UL DAI in UL DCI formats regardless of the transmission subframe, while minimizing the specification impact.   

Proposal 3: Support of UL DAI is provided regardless of the UL reference configuration.

A second email discussion topic concerns the payload of HARQ-ACK in a PUSCH when the UL grant is transmitted before the last DL grant (and an UL DAI exists). This issue already exists in Rel-11 TDD inter-band CA and it is left to the scheduler implementation how to set the UL DAI value. Therefore, specifications to address the same issue for eIMTA are not required.
A third email discussion topic was the use of the UL DAI field in DCI formats scheduling PUSCH in subframes that are not UL subframes in the DL reference configuration and, therefore, cannot include HARQ-ACK multiplexing. It would be incorrect NodeB behavior to set the UL DAI field value to anything other than ‘00’, the UE should not respond to it and should disregard the detected UL DCI format.

Proposal 4: A UE should disregard a detected UL DCI format indicating HARQ-ACK multiplexing in a PUSCH transmission in a subframe that is not an UL subframe in the DL reference configuration.

3 Conclusions

This contribution considered issues related to UCI multiplexing in a PUSCH for a UE configured for eIMTA operation. In particular, the following are proposed.
Proposal 1: A-CSI multiplexing in a PUSCH is supported for both the first and the second UL subframe sets and a UE is separately configured a 
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 value for each of the first and the second UL subframe sets. 

Proposal 2: A UE performs HARQ-ACK spatial-domain bundling in the PUSCH when the number of REs for multiplexing a nominal HARQ-ACK payload exceeds the number of available REs.
Proposal 3: Support of UL DAI is provided regardless of the UL reference configuration.

Proposal 4: A UE should disregard a detected UL DCI format indicating HARQ-ACK multiplexing in a PUSCH transmission in a subframe that is not an UL subframe in the DL reference configuration.
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